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Introduction
Ghrelin, an endogenous ligand for GHS-R is a 28
amino acid acylated peptide, isolated for the first time
from the mucosal lining of the stomach [1]. Its physi-
ologic role is not fully understood. The presence of
ghrelin was observed in different organs of the mature
human body including hypothalamus, pituitary gland,
pancreas, kidney, lung, heart, intestines, placenta and
thyroid gland [2-4]. Ghrelin has been implicated in the
release of growth hormone from the pituitary gland
and the control of energy homeostasis that regulates
the energy consumption by influencing appetite [2].
There is however a relative shortage of knowledge
regarding the role a ghrelin in the body of a fetus and
newborn. The best know location of ghrelin was
shown in the fetal pancreatic islets, while in other
organs only its expression has been documented [3,5-7].
The aim of our paper was to assess the location,
expression and role of ghrelin in the development and
maturation of adrenal glands and paraadrenal nerve
ganglions.
Materials and methods
Adrenal gland specimens. The material included 16 adrenal
glands from different periods of the intrauterine life. The charac-
teristics of the fetuses, that the adrenals were taken from, are
depicted in Table 1. The embryos and fetuses from the first
trimester of pregnancy were embedded as whole in paraffin, and
then dissected in the frontal plane, while older fetuses had their
adrenal glands isolated and for immunohistochemical staining
mainly middle sections of the glands were used.
Immunohistochemistry. For research the antibodies from Santa
Cruz Biotechnology Inc were used in a 1:100 dilution. For positive
control a sample from pancreas of a 30 week old fetus was taken.
In negative control the first antibody was omitted (anti-ghrelin).
Results
The adrenal gland appears around 5th week of preg-
nancy, with the embryo measuring 8-10 mm, and is
composed of large eosinophilic cells that make up the
beginnings of the fetal adrenal cortex. Soon afterwards
on the periphery there appears a zone of smaller cells
called neocortex that starts the zona glomerulosa of the
mature adrenal gland. The adrenal cortex grows rapid-
ly and in the second trimester, constituting 80% of the
adrenal gland mass, and this state continues until birth.
In a newborn the fetal zone regresses.
In the adrenal of 5-6 week old fetuses the presence
of ghrelin was not observed. However in the organiz-
ing nerve ganglions there were few cells with positive
granular reaction within the cytoplasm. The origin of
these cells is difficult to establish, there could be of
neuroepithelial or mesenchymal origins. The first min-
imal immunoreactions for ghrelin were seen in the
cytoplasm of the cells from fetal cortex in 7th week of
the embryo life. In the second and third trimester the
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immunopositive reaction was observed in the whole
adrenal cortex. The strongest expression of ghrelin
was observed in fetal zone. The reaction was located in
the cytoplasm in a form of thick granular, dark yellow
precipitate, with negative staining in the nucleus. The
expression of immune reaction was similar in the II and
III trimesters. In the neocortex zone the expression of
ghrelin was weaker and presented as small granular
precipitate (Fig. 1). The strongest ghrelin expression in
form of dark brown precipitate located in the cytoplasm
was observed in the aggregations of neuroepithelial
cells placed in the forming medullar portion and in the
cortex of the adrenal glands (Fig. 2). The aggregations
of cells in the cortex are located there only temporarily,
because they will be moved to the medullar portion.
First cells of this type were encountered in the adrena-
ls of 14 week old fetuses. In the adrenals of a newborn
born in 33rd week of gestation, who survived for 
26 days, the expression of ghrelin in the fetal cortex
was notably weaker compared to adrenals of newborns
from the same pregnancy period that survived for only
few hours. More so the staining foci in the fetal zone
were of small granular type (Fig. 2)
The paraadrenal nerve ganglions in fetuses
In the nerve fibers going to the nerve ganglions the
ghrelin-like cells were not found. In the nerve gan-
glions themselves the satellite cells, lemmocytes and
the stromal cells also did not possess ghrelin. A very
intensive reaction was observed in few cells scattered
within the ganglions. The ganglion cells are a litte
immunopositive (Fig. 3).
Discussion
The knowledge about the role, location and expression
of ghrelin and its receptor in fetal tissues compared to
mature organisms is particularly week. Only few
papers describe the presence of ghrelin in the stomach,
thyroid gland, lungs, placenta and other tissues
[3,5,6,8]. More attention was devoted to ghrelin in the
pancreatic islets, where her expression in alpha cells
was proven and a role in preserving the energy home-
ostasis in the fetal body [7]. In our previous paper we
have shown the expression of ghrelin and its receptor
(GHS-R) in many fetal organs [9]. In available litera-
ture we have not found a single paper describing the
role, location and expression of ghrelin in developing
fetal adrenal glands. There is however quite extensive
research on the steroidogenesis processes in the devel-
opment of fetal adrenals [10-12]. In presented paper we
have shown the appearance of ghrelin in fetal zone of
the adrenal cortex already at 7th week gestation. With
the advance of pregnancy the expression of 
ghrelin in the growing fetal zone increases, while in 
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Table 1. The characteristics of adrenal gland donor fetuses, with regard to the week of pregnancy, body weight, length of life and sex.
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Fig. 1. Adrenal fragment of a 36 week old fetus
showing neocortex (c) and fetal zone (f). There is an
intensive staining for ghrelin in the fetal zone and
weaker in the neocortex (original magnification
×200). Fig. 2. An adrenal gland of a 26 day newborn.
Visible weak staining in cortex cells (c) and very
intensive in neuroepithelial cells (n) deposited in the
medullar and cortex portion (arrow) (original magni-
fication ×200). Fig. 3. Nerve ganglion. At the bottom
of the figure we see a negatively stained nerve fiber
(nf). In the ganglion itself a very intense immune
staining for ghrelin in few scattered cells (arrow) and
weak in ganglion cells is visible (original magnifica-
tion ×200).
the neocortex the expression was notably weaker. 
The fetal zone for the whole period of intrauterine life
synthesizes mostly dehydroepiandrosterone sulfate
(DHEA-S) and its production is greatest in the last
weeks preceding labor [11-13]. Whether ghrelin is
implicated in the steroidogenesis processes is difficult
to establish, although our studies rather rule out such
possibility. We have found no correlation between the
ghrelin expression and the production of DHEA-S
described in the literature; e.g. zona glomerulosa begins
production of its specific hormones at the III trimester,
while the ghrelin expression is visible in that zone for
the whole duration of its differentiation process [12].
We also have not found the increased expression of
ghrelin in fetal zone just before initiation of labor. Stud-
ies on ghrelin expression in the adrenals of mature rats
showed no influence of this peptide on the secretory
activity of steroid hormones [14,15]. On the other hand,
in vitro studies point to ghrelin influence on the prolif-
eration of the adrenal cells without change in the num-
ber of apoptotic cells [14,15]. Our research also con-
firms the influence of ghrelin in molecular processes of
proliferation and maturation. In the adrenal glands of 
a new born from 33rd week gestation, which survived 
26 days after birth, the expression of ghrelin was
notably weaker, which might indicate, that the process
of involution of the fetal zone had already begun and
there was a final formation of adrenals. At the same
time in those adrenals in the islets of neuroepithelial
cells the expression of ghrelin was very strong, and this
might suggest, that ghrelin is directly involved in the
processes of catecholamines synthesis [16].
Our previous and present research indicates that the
strongest ghrelin expression (dark brown to nearly black
color reaction) was observed in the cells form pancreat-
ic islets, the neuroepithelial cells of the medullar portion
of the adrenals and in few nerve ganglion cells. It was
proven that ghrelin plays a direct role in the production
of catecholamines in the medullar portion of the adren-
als and direct influence on the secretion of insulin in the
pancreatic islets [7,16]. It was not possible however to
show direct involvement of ghrelin in the processes of
steroid hormone secretion regulation.
The ghrelin-positive cells described in our paper
with very strong expression in the forming ganglions
of 6 week old fetuses and mature paraadrenal gan-
glions are probably of that same origin and they should
be included in the cells of diffuse endocrine system.
The metabolic role of ghrelin in those cells is not
known, and this is the first paper ever that has
described such cells in the nerve ganglions.
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